The volatile fractions from fresh inflorescences and leaves of Dendrobium moschatum (Buchanan-Hamilton) Swartz (Orchidaceae) were isolated by steam distillation with a yield of 0.498% and 0.041% (weight/fresh weight basis), respectively. From GC/FID and GC/MS analyses, coumarin was identified to be the most abundant constituent and quantified as 48.8% and 47.8% of the total volatiles from inflorescences and leaves, respectively. Hydrocarbons, ketones, esters, acids and aldehydes were also detected. Long chain mono unsaturated hydrocarbons were quantified in higher amount in leaves and their structures were elucidated by GC/MS of their dimethyl disulfide derivatives. These compounds together with long chain ethyl esters and methyl ketones may represent a particular feature of this plant species and can play a critical role in the interaction with pollinator insect.
Orchidaceae family is one of the well-represented groups among the angiosperms, worldwide distributed, with approximately 25.000 species and more than 800 genera [1, 2] . The great majority of species are native to tropical or sub-tropical areas, with fewer taxa occurring in temperate regions. The family is widespread over the five continents, with a distribution range that extends from the Arctic Circle to sub-Antarctic islands [3] . Apart for being ornamental plants primarily grown for the beauty of their flowers, orchids have also been addressed as medicinal for centuries in Asia, Africa, Europe, the Americas and Oceania, with about 600 species and approximately 20% of the Chinese native orchids that have been and are being used for therapeutical properties [4] . More than 360 Orchidaceae, including several Dendrobium species, are listed in the earliest known Chinese and Indian Materia Medica [5] . Several metabolites have been extracted and isolated from the stems of different Dendrobium spp., provided with immunomodulatory, hepatoprotective, antioxidant, antimalarial, and anticancer activities [6] [7] [8] . Particularly, rotundatin and moscatin, two phenanthrenes isolated from stems of D. moschatum, D. rotundatum and D. venustum, have been reported to inhibit platelets aggregation induced by arachidonic acid and collagen, whereas bibenzyl derivatives, moscatilin extracted from stems of D. moschatum and D. signatum, showed antitumor activity in several human cancer cell lines [9, 10] . D. moschatum (Buchanan-Hamilton) Rafinesque [11] is an epiphytic endangered species that grows on tree trunks in open forests of the North Eastern Himalayas including China, India, Burma, Thailand, Laos and Vietnam. Orchid stems, up to 1-2 m long, slender and upright, become dangling as they lengthen. The inflorescence consists of 7 to 15 short lasting fragrant flowers, each one of 5-8 cm diameter [11, 12] . Due to the wild over-collection of plants for traditional use, many Dendrobium species are, nowadays, target species for in situ, ex situ and in vitro conservation projects [13] . A protocol for rapid mass propagation of D. moschatum through stem disc culture has also been developed [14] . The aim of the present investigation was to isolate the flavor constituents from inflorescences and leaves of D. moschatum, to characterize their chemical composition and to evaluate their antioxidant activity.
The yields of D. moschatum volatile oil obtained by steam distillation from the fresh inflorescences and leaves were evaluated as 0.498% and 0.041% (weight/fresh weight basis), respectively. Table 1 shows the results of qualitative and quantitative oil analyses on the Elite-5MS column. The compounds are listed in order of their elution and are reported either percentages of the total oil and g/g fresh weight, determined by an internal standard method, using 3-methylcyclohexanone as internal reference. An indication of the fraction in which they were detected after chromatographic separation is also reported (see experimental part). Differences in qualitative and quantitative composition from the two plant organs have been observed. As reported in Table 1 , the most abundant compound detected in both extract was coumarin (6), accounting for 48.8% (2157.1 g/g fresh weight) in inflorescences and 47.8% (180.1 g/g fresh weight) in leaves. Its derivatives, 3,4-dihydrocoumarin (4) has been detected only in inflorescences but in lower amount (1.6%, 71.1 g/g fresh weight). Coumarin is widely distributed in the plant kingdom and has been detected in several plants belonging to different families, including Orchidaceae [15] . Fruits, roots and stems have reported to be the primary storage sites of coumarins, although they appear to be mainly synthesized in the leaves.
The data here reported showing a very higher content of coumarin, in terms of g/g (see Table 1 Compounds are listed in order of elution from an Elite-5 column. Retention Indices according to Adams [34] , unless stated otherwise. Retention index determined on an Elite-5 column using a homologous series of n-hydrocarbons.
d) see [35] . e) , f) see [36] . g) isomer not detected. tr, traces (<0.1%); values >0.1% quoted to nearest 0.1%. W = whole essential oil; N = non polar fraction (pentane); P = polar fraction (diethyl ether); A = acidic (methanol 1% acetic acid).
compound in that part of the plant. The phytoalexins-like activity of coumarin may be of critical importance to protect orchids by inhibiting the growth of beetles and predator insects and sporulation of fungal pathogens on the most breakable part of this plant, i.e. the flower. This is supported by the fact that also dihydrocoumarin, reported to act like phytoalexins in response to microbial, fungal and chemical attack [16] , has been detected only in inflorescences and are absent in leaves. Other major constituents of the volatile fractions were found to be hydrocarbons, accounting for 23.8% (1045.0 g/g fresh weight) of the total oil from inflorescences and 46.7% (175.4 g/g fresh weight) of the total oil from leaves. The bulk of saturated linear chain hydrocarbons were found in both extracts in almost the same percentage amount; among them the odd homologues from C 21 to C 31 (19, 27, 33, 39, 44, 46) were the most representative. A series of unsaturated linear chain hydrocarbons from C 23 to C 31 (25, 26, 30, 31, 32, 36, 37, 38, 41, 42, 43, 45) was instead identified to be higher in leaves compared to inflorescences (see Table 1 ). The position of the double bond in these linear alkene isomers were determined by GC/MS after their alkylthiolation reaction (see Experimental). The obtained ,-bis(methylthio) alkanes are stable under the GC conditions and their MS fragmentation is readily interpreted in terms of original structure. All the dimethyl disulfide compounds examined produce a recognizable molecular ions M + , in general more than 5% intensity and the dominant diagnostic peaks in the MS spectra originate from the cleavage of the carbon-carbon bond carrying the methyl sulfide groups. These characteristic key fragments are diagnostic for the determination of the double bond in the original alkene [17, 18] . Figure 1 show the MS spectra of the ,-bis(methylthio) derivatives of the two heptacosene isomers 37 and 38. The same molecular ion M + was detected at m/z = 472, while two different series of fragment ions were registered for the two isomers (see Figure 1A and 1B). These compounds were baseline separated under the used GC conditions; in some cases the presence of different isomers in the same GC peak (e.g. peaks 30 and 36) was observed and the isomeric composition in that peak was determined considering all the diagnostic MS fragments (see Table 1 ). Linear chain saturated and monounsaturated hydrocarbons were previously identified in several orchid species with higher content of these last compounds in flowers compared to leaves [19] [20] [21] , as reported in the present study. Although these compounds are not considered specific contributors to the aroma of the plant, they might be crucial in modulating plant-herbivore interaction [22] . Data from literature demonstrated that hydrocarbons are endowed with an interesting, although limited, activity in pollinator deception in Orchidaceae, D. moschatum included [19, 23] . Furthermore complex protection mechanisms of the plant from environmental factors such as water loss, thermal-or UV-related stress, seem to be strictly related to the presence of this class of compounds [24, 25] . Methylketones were detected in higher amount in inflorescences, accounting for 11.1% (491.9 g/g fresh weight) of the total volatiles compared to leaves, in which they represent only 0.1% (0.6 g/g fresh weight) of the total oil. These constituents were found to be long-chain odd compounds, named pentadecan-2-one (8), hepatdecan-2-one (12) and nonadecan-2-one (20) (see Table 1 ). Their presence in the volatile fraction of orchid species is not unusual, however [26, 27] , it should be noted that several plants, and especially orchids, mimic insect semiochemicals to attract pollinators. Schiestl et al. demonstrated that the orchid Chiloglottis trapeziformis is able to emit the same volatile ketone produced by female insect as a male attractive pheromone [28] . The higher amount of ketones in flowers compared to leaves found here in D. moschatum, can also suggest the role played by these compounds as pollinator attractant. Longchain methyl (13, 17, 18 ) and ethyl esters (9, 14, 15, 21, 22) were detected for a total of 2.5% (107.9 g/g fresh weight) and 0.5% (1.9 g/g fresh weight) of total essential oil from inflorescences and leaves, respectively.
These results are in agreement with previously reported data in which a high concentration of ethyl oleate and ethyl linoleate in Ophrys flowers might be useful as attractive for pollinator [29] . Aldehydes account for a total of 1.2% (55.3 μg/g fresh weight) and 1.7% (6.3 μg/g fresh weight) of essential oil from inflorescences and leaves, respectively. This class of compounds are represented by both short-chain compounds (1, 2, 3 ) and long-chain aliphatic isomers (16, 24, 29, 35) . It is important to note that flowers essential oil was lacking in terpenes, being -caryophyllene (5) the unique sesquiterpene detected in leaves and accounting only for 0.1% (0.4 g/g fresh weight). On the contrary, no long chain fatty acids were found in essential oil from green part of the plant while they represented a percentage of 2.6% (111.4 g/g fresh weight) of total volatiles in inflorescences.
Dendrobium moschatum volatile fraction
The antioxidant activity of the essential oils was assessed by DPPH and ABTS assays. Both volatile fractions display weak DPPH scavenging capability with IC 50 value of 3.56 ± 0.2 mg and 3.28 ± 0.3 mg for inflorescences and leaves essential oil, respectively. Higher activity was detected in the ABTS assay. The registered values were 165 ± 3 and 161 ± 5 TEAC for inflorescence and leaves essential oils, respectively. Results reported in the present paper are in agreement with the literature in which both DPPH low activity and ABTS high activity of coumarin was reported [30, 31] .
To the best of our knowledge, this is the first study providing quantitative data on volatile composition of D. moschatum. Coumarin and saturated and unsaturated hydrocarbons represent the major constituents of both inflorescences and green part of the plant being crucial for D. moschatum defense mechanisms and reproduction. Moreover, methylketones and long chain methyl and ethyl esters are present only in flowers and can act as semiochemicals to attract insect pollinators as in other orchid species. Further investigations of the involvement of these compounds in the attraction of pollinator and defense mechanisms versus predator and fungal pathogens might be of great interest for conservation and recovery of this orchid threatened with extinction.
Experimental
Plant material: D. moschatum (Buchanan-Hamilton) Swartz was provided by a specialized seller (Orchid's and more, Ismaning, Germany), identified according to current literature. Plants were grown in intermediate conditions in a greenhouse during winter months and outside from April to October using a bark well-drained medium [3] . At late spring aerial parts were collected at flowering stage and stored at 4°C until analysis. Voucher specimens (CO003) were deposited at CREA-FSO (Sanremo, Italy) repository for further reference.
Isolation and fractionation of the essential oil: Plant material (flowers: 6.74 g, leaves: 7.13 g) to which 3-methylcyclohexanone was added as internal standard was steam distilled with odour-free water in a Clevenger-type apparatus for 1 hour. The distillate was extracted with freshly distilled diethyl ether, dried over anhydrous sodium sulphate and concentrated at first with a rotary evaporator and subsequently using a stream of N 2 for further GC/FID and GC/MS analyses. A portion of the oil from each sample was placed onto a glass column (7 × 30 mm) of silica gel 60, 230-400 mesh (Merck, Milano, Italy), preconditioned with fresh distilled pentane. The non-polar fraction (N) was eluted with pentane. Successive elution with diethyl ether afforded the polar fraction (P), while elution with diethyl ether -1% acetic acid gave the acidic fraction (A) [25] .
Alkylthiolation of alkenes:
Non polar fraction (N) of essential oil from leaves was used for the determination of double bond position in n-alkenes by alkylthiolation according to reported methods [17, 18] .
Analysis of the essential oils: GC/FID analyses were carried out using a Perkin Elmer model 8500 GC, using Elite-5MS (5% phenyl methylpolysiloxane) capillary column of 30 m × 0.32 mm i.d., film 0.32 μm thick. Samples (1.0 μL) were injected in "split" mode (1:30) with a column temperature programme of 40°C for 5 min, then increased to 260°C at 4°C/min and finally held at this last temperature for 10 min. Injector and detector were set at 250 and 280°C, respectively; the carrier gas was He with a head pressure of 12.0 psi. GC/MS analyses were carried out using a Perkin Elmer Clarus 500 GC equipped with a Clarus 500 mass spectrometer using the same capillary columns and chromatographic conditions as for the GC/FID analyses. Mass spectra were acquired over 40-500 amu range at 1 scan/sec with ionizing electron energy 70 eV, ion source 200°C. The transfer line was set at 300°C, while the carrier gas was He at 1.0 mL/min.
Identification and quantification of the essential oil components:
The identification of the volatile oil components was performed by their retention indices (RI) and their mass spectra, and by comparison with a NIST database mass spectral library, [32] as well as with literature data [33] [34] [35] [36] . Retention indices were calculated by Elite-5MS capillary columns using an n-alkane series (C 6 -C 35 ) under the same GC conditions as for samples. The relative amount of each individual components of the oil was expressed as percent peak area relative to total peak area from GC/FID analyses of the whole extracts.
DPPH assay and ABTS assay:
The scavenging activity against the stable coloured DPPH (2,2-diphenyl-1-picrylhydrazyl radical) freeradical was assayed according to the method previously described [37] . Linear regression determined the essential oil concentration able to scavenge 50% of DPPH radicals (IC 50 ). The scavenging activity against 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid radical cations (ABTS •+ ) was assayed according to DelgadoAndrade et al. [38] . The antiradical activity was expressed as Trolox equivalent antioxidant capacity (TEAC, mol/ml of essential oil) using the standard curve constructed. The reported values are the means of three independent experiments.
